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157] ABSTRACT

~ A vehicle with a hydrostatic transmission system of

wheel motor type in which the wheel motor is specially
designed to meet the strict requirements of the vehicle,

- with a maximum mechanical efficiency of 0.97, speed
- ranging from 0 to 1500 r.p.m. for both fixed displace-
~ ment and contmuously variable dlsplacement and a -
~ wide speed ratio. It is compact in size, simple in con-

struction, and easy.to produce. The system may include

 a manual or automatic control device of the continu-
ously variable displacement motor or pump and a dis-

tributing valve which can control the individual work-

 ing mode of each wheel motor, so that the adjustable

speed range can be further extended and the mean effi-
ciency of the vehlr.:le can be improved. |

6 Claims, B'Drawmg_Sheets
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HYDRAULIC MOTORS AND VEHICLE
HYDROSTATIC TRANSMISSION SYSTEM OF
~ WHEEL MOTOR TYPE |

REFERENCE TO RELATED APPLICATION'

This application is a continuation-in-part of U.S. pa-
tent application Ser. No. 913,732 filed Sept. 30, 1986,
now U.S. Pat. No. 4, 777,866 the disclosure of which is

incorporated herein by reference.

FIELD OF THE INVENTION
This invention relates to a hydrostatic transmission

' system and hydraulic motors and, more particularly, to
a vehicle hydrostatic transmission of wheel motor type

and hydraulic motors therem -
BACKGROUND OF THE INVENTION

Hydrostatic transmissions have many advantages and' m

have found ever increasing application in recent years.

However, due to the poor performance of its major
components (especially the hydraulic motor or pump),
its application has been very limited. _

The application of hydrostatic transmissions in vehi-
cle drive systems has numerous advantages, such as: a
genuine continuously variable transmission within its
full speed range; equal speeds in forward and reverse;
‘very smooth speed change; the best matching between
the engine and the transmission to 1mprove its fuel econ-

omy and dynamic performance; easier adaptatlon to

automatic control and its cnnvement layout in the vehi-
cle.

4,903,792

~ For example, for a car it must operate normally in the

10

. 2
(1) It must be directly mounted in the wheels to drive
the wheels without any additional speed reducing/in-

creasing gearboxes
(2) The hydromotor should have a rather wide speed

range to satisfy the speed requirements of the vehicle.

speed range of 0 to 1000 r.p.m. or above, and its effi-
ciency must not decrease significantly with increased -

 speed. The maximum speed of today’s wheel motors is
about 200-300 r.p.m., falling short of the above require-
- ment, SO 1ts apphcatlon is limited to low speed (less than

- 20-30 kilometer per hour) vehicles.

15

(3) The hydromotor should have high éfﬁc:ency over

a wide speed range. Most vehicles require high tractive

forces during starting and climbing, which may be
* 20-30 times the relatively light load in normal opera-

tion. For instance, transportation trucks are running, for
- the most part, under light loads at medium to high
speeds, just within the low efficiency region of today’s -

hydraulic wheel motors. But fuel economy (overall

efficiency) is often the major consideration in this kind - .

of vehicle, which results in very strict demands on the

-~ efficiency performance of wheel motors. Specifically, 1t -

25

must have very high torque efficiency in starting as well
as overall efficiency under light loads over a wide speed
range. These requirements have not been met by the |

- present hydromotors

30

Hydmstatlc transmissions of wheel motor type are an

ideal power transmission system for most vehicles.
These transmissions consist of a pump driven by an

engine, the high pressure oil from the pump being deliv-
ered to hydraulic wheel motors in the wheels via con-

trol valves, hoses or pipes to generate a driving torque
to propel the vehicle. Obviously, this layout could take
full advantage of the merits of hydrostatic transmissions

and offer many other advantages in addition to those

above mentioned. These include the following:

35

(1) The construction of the transmission systein can

be mgmﬁcantly simplified, especiaily for those vehicles

45

requiring large speed ratio range of multiple-speed steps

or required to execute complicated operations.
(2) The layout of the vehicle can be simplified be-

cause the engine is connected to the wheel motor by

hoses or pipes, without regard to their relative positions
which is valuable in many vehicles, such as, minicar or
ultra-minicar, self-propelled agricultural machines, mili-
tary vehicles, construction machinery, etc. |

- (3) Easy realization of interchangeability and series.

design of the parts and components of the transmission

system, so the requirements of different vehicles can be

met by properly combining a series of components.

(4) The displacement of the hydraulic wheel motor o
 should be variable to meet the requirement of further

‘extending the speed range of the vehicle. Vehicle speed
and load varies over a wide range in its operation and -
- the maximum tractive effort required. Because of this,
in a fixed displacement motor, the working pressure -

may fall to 10-30 kg/cm? during normal running, far

from its high efficiency region. Moreover, at high vehi-

‘cle speeds, the oil flow velocity in the hydraulic system -

~ increases proportionally with the vehicle speed result-
ing in a high flow loss, further reducing the overall =

efficiency of the system. If the displacement of the hy-

draulic motor is made variable, then its displacement

can be decreased at above-mentioned working condi-
tions to increase the working pressure and reduce the

velocity of the oil flow to improve the overall efﬁcxency R

of the system. .
(5) It is necessary to smphfy the construcuon and to

lower the requirement on material and manufacturing

technology so that hydrostatic transmissions may be

- more adaptable for mass production to cut down the

50

- cost and price. At present,the cost of hydrostatic trans-

missions is often much higher than mechanical transmis-
sions, which is one of the main factors limiting its appli~

- cation. _
(6) The hydrauhc wheel motor must operate under

| the adverse conditions which may be encountered in its

55

use, for instance, it should safely withstand the vibration

- and shock loads in operation, not be too sensitive to the

Since the hydrostatic transmission of wheel motor
type has so many attractive advantages, it has often -

been the subject of designers and researchers. However, 60
~ limited by the performance of its components (espe-.

cially the wheel motors), the hydrostatic transmission of

wheel motor type has, at present, only been used in

working fluid and its filtration, easily repaired and
maintained, etc.

To solve the problcms mentloned above, attempts
have been made to improve the construction of hydrau-

- lic wheel motors and vehicle hydraulic transmission

systems. As an example,

~  S.A.E. paper No. 790883 “An Interestmg And In- |

some low speed or special purpose vehicles. Therefore,

in order to adapt this technology effectively to middle
or high speed vehicles, performance and construction
of the wheel motors must be improved in order to sat-
isfy the following requirements:

65

formative Comparison Of Mobile Hydrostatic Wheel -
Hub Drives” and S.A.E. 810971, 810974 have systemat-

ically described the present state of this art and emphati-
‘cally compared the performance of the two pOpular .

types of hydraulic wheel motors today
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One type, the axial piston hyd:aulic motor with a
planetary gearbox, is widely used in some vehicles,
exploiting fully its capability of high speed, high pres-
- sure, high efficiency and contmuously variable displace-
ment. However, this type is characterized by compli-

cated construction, the high price of the axial piston

hydraulic motor and planetary gearbox, narrow speed
" range, low overall efficiency (including the efficiency -

of the planetary gearbox) and starting torque efﬁ'cnency
and its irregular external shape limits its use in many
other applications.

The second type, the cam lobe hydm11:u:)t4::nl"ir has a
relatively high starting torque efficiency and mechani-
- cal efficiency as well as a wider speed range than the
~ axial plStOll type. However, it is also complicated in

~ construction with its efﬁcxency reduced significantly

with increasing speed and is incapable of contmuously

~ variable displacement. Therefore its application is also

limited to some low speed (less than 20 kﬂometer per

~ hour) or special purpose vehicles.
As can be seen from the above, the apphcatlon of

| hydrostatlc transmissions of the wheel motor type is

dependent, to a large extent, on the perfection of its

performance. There must be a breakthrough in con-
struction and performance of the wheel motor before

4

metrical shape which can be conveniently mounted in a

wheel without the need for gearboxes
- Another object of the invention is to provide a hy-
draulic motor or pump which has a minimum number of

parts and is simple in construction.

~ Another object of the mventlon is to provide a hy-
draulic motor which can sustain radial and axial shock -~

from the wheel of the vehicle on _rugged or rough roads.

10

Another object of the invention is to provide means
for the mounting of a hydraulic motor or pump for

| mprovmg layout and mounting of the wheel motor,

15

20

25

- hydrostatic transmissions of the wheel motor type may
enjoy wide application. Moreover, a more perfect hy- -
" draulic transmission system with further improved

~ overall efficiency and extended speed range must be
~developed to explmt fully the ments of the wheel mo-

~ tor.
a OBJ'ECTS OF THE-INVENTION -

‘Therefore, the primary object of this invention is to

 provide a new design for a hydraulic motor or pump
~ characterized by high efficiency, wide speed range,
 simple construction and variable displacement. With
~ this new design for a hydraulic motor or pump, a high

" efficiency and widely adjustable speed range hydro-

'  static transmission system is developed in which the
- hydraulip motor is employed to expand its applications.
This hydrostatic transmission system can replace not

30

35

~ cylinders has its outer flat end maintaining constant -

- only many current types of vehicle transmission systems .

“but also finds use in many other machines.

A further object of the invention is to provide a hy-
~draulic motor or pump having higher starting torque
efficiency and mechanical efficiency by rationalizing
- the layout of the hydraulic motor and optimizing the
hydraulic components.
| Another object of the invention is to provide means
- by which the oil churning losses- and oil flow losses in

the motor or pump can be reduced in order to obtain a

45 S
~ eccentric shaft, one for oil inlet and the other for outlet.
The eccentric of the eccentric shaft of the hydraulic
~motor or pump of the invention may be a combined

50

pump, pipe lines and dlsplacement control mcchamsm' -

on a vehicle.
- Another object of the invention is to prowde a hy--

‘draulic transmission system for a vehicle in which the
working mode of the wheel motor can be controlled -
- separately to further extend the speed range of the vel:u- -
: _cle : -
'Another ob_]cct of the invention is to provide a vehi- -
cle hydraulic transmission system to accommodate the o

comphcated situations it may encounter in use.

SUMMARY OF THE INVENTION

AcbOrdmg to the present invention, an all-sided dé- o
sign of the hydraulic motor or pump and the hydrostatic
transmission system has been unproved to attain the

objects mentioned above.

This invention prowdes a hydraulic motor or pump ”

-with a rotating casing and fixed shaft for simplifying the =
mounting of the wheel motor in a wheel of a vehlcle and -

the flow distribution in the wheel motor.

In one embodiment of the present invention the hy— S
- draulic motor or pump comprises a casing with a num- -
ber of planar surfaces, a cover, a plurality of bearings = .
‘installed in said casing and said cover to support an -
eccentric shaft with an eccentric. A cylinder block is
- also provided with a number of radial cylinders havmg -
- their center lines perpendicular to the axis of the eccen-
tric shaft mounted on the outer periphery of said eccen-

tric of said eccentric shaft. A piston in each of said

contact with said planar surface on said casing under

the action of its centrifugal force, _

the oil working pressure.
There are two separated groups of 011 ducts in sald-_.'

eccentric which is composed of an eccentric shaft and
an eccentric sleeve with a cylindrical inner bore and a -

- cylindrical outer surface with an offset being rotatably

hydraulic motor .or pump with a higher efficmncy |

B working region and wide speed range.

- Another object of the invention is to provide a hy—
Idrauhc motor or pump with higher rated maximum
- working speed by reducing the PV rating of its major

- sliding working surfaces and improved balancmg of its

rotating parts.

- Another object of thc invention is to prowde a con-
tinuously variable displacement hydrauhc motor or
pump to further expand its application in hydrostatic

transmission. |
Another object of the invention is to provide means

by which the displacement of the hydraulic motor or
pump can be confrolled continuously.

- Another object of the invention is to provide a hy-
draulic motor with a small size, light weight and sym-

35

65

mounted on said- eccentric of said eccentric shaft

through its bore and with said cylinder block mounted = :
on the outer periphery thereof. The combined eccentric
and consequently the piston stroke and displacement

may be changed continuously when said eccentric

sleeve is rotated on the said eccentric shaft to different
-~p031t10n3 by an external dlsplacement control means.

A pin is inserted in a hole in the end face of said
eccentric sleeve with its rectangular head engaged in
the slot on the flange of the displacement control sleeve.

" The displacement control sleeve is fitted in the bearing
~ inner ring and mounted on said eccentric shaft journal.

A displacement control arm mounted on the eccentric
shaft journal meshes with the end of said displacement
control sleeve as dog tooth clutch or its internal teeth
may engage the external teeth at the end of the displace-

- ment control- slceve Said displacement control arm

retum spring and_ R
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may be actuated by a displacement control device. Said
displacement control arm may be actuated by a dis-
placement control cylinder or other control means to
rotate on said eccentric shaft and this motion will be
transmitted through said displacement control sleeve
and pin to said eccentric sleeve to rotate on said eccen-

4,903,792
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all wheels driving. The speed range of the vehicle can

- -be further extended.

The hydrostatic transmission system of this invention |
may be further provided with a free-wheeling valve

“which is arranged between the high pressure line and

- low pressure line to bypass the oil pumped out from said

tric shaft to change said combined eccentric or the
displacement of said hydraulic motor or pump. There -

are two separate oil grooves in said eccentric sleeve in
communication with said o1l ducts in the eccentric shaft

respectively.

10

A number of safety pins pressed into said casing or '
said cover, each maintaining an appropriate clearance .

with its adjacent cylinder block wall to allow said cylin-

der to swing freely relative to said casing under normal .

operation and even at maximum displacement, but

15

when there is a sudden change in rotating speed be-
tween said casing and said cylinder block, such as the

braking of the casing, said safety pin will be in contact _

with said cylinder wheel block wall to limit the ampli-

tude of said relative rotating movement and force said

cylinder block to rotate at same speed with said casing
to prevent said piston from moving off its seat. A circu-
lar oil cushion recess in the form of reticular grooves is
machined in the piston end and filled with oil through a
~ throttle hole to form a hydrostatic support.

Based on this variable displacement hydraulic motor

or pump, a fixed displacement hydraulic motor or pump

can be evolved by replacing said eccentric sleeve and

said eccentric shaft with a single eccentric shaft with a

30

20

- whereby the engine may run at

wheel motor when the vehicle is in free-wheeling -
an idle speed while the
wheel motor is free wheeling. The free-wheeling valve
may be controllable with a discharge valve to get en-

‘gine brake effect or when startmg the engine by towmg o

the vehicle.
The hydrostatrc transmission system of this invention

may be further provided with a safety valve which is .
arranged between the high pressure line and the low -

- pressure line to discharge the oil from the high pressure =
‘line to the low pressure line, the opening pressure of the
safety valve bemg manually adjustable SO at to work as -

a clutch. -
The hydrostatic transmission system of this mventlon -

may be further provided with a gear box with a fixed

~ ratio arranged between the engine and the oil pump.

25

~ This invention further provides a mounting bracket
for facilitating the mounting of the wheel motor. The.
mounting bracket may be mounted directly to a frame

~or suspension system of a vehicle. The mounting

fixed eccentric and ehmmatmg said displacement con-

trol parts including pin, dlsplacement control sleeve and |

said displacement control arm.
A spoon-shaped oil duct or ducts can be arranged in

said dlsplaeement control sleeve or said thrust washer

with its inner end communicating with said leakage oil
passage in said eccentric shaft and its outer end extend-
ing deep down in said casing to scoop and discharge the

3'5_._

bracket has a tapered hole in which the tapered section

of the outer end of the eccentric shaft of the wheel -
. motor is inserted and has three oil ducts with one end of
each communicating respectively with the oil inlet,
- outlet and leakage oil passage in the eccentric shaft and
- with the other ends connected with the oil pipe lines.

BRIEF DESCRIPTION OF THE DRAWINGS -

The above and other objects, features and advanta_ge.q;' o

~ of this invention will be apparent in the following de-
- tailed description of illustrative embodiments, espe-

leakage oil by its inertia and dynamic pressure during 4
operation in order to reduce the oil chummg loss at

high speeds.

For the purpose of adjusting the dlsplacement of sald '

hydraulic motor or pump from outside of the motor, the

double-acting piston of the displacement control cylin-

45

der actuates the displacement control arm controlled by
a control valve which may be manual, automatic or a

combination thereof. In the case of the automatic valve,
the automatic control is based on one or several operat-

ing parameters, such as the engine torque, r.p.m. intake

manifold vacuum, the contents of exhaust gas, the posi-
tion of accelerator pedal or the oil flow rate or pressure

50

etc. when the hydraulic motor or pump is used m a2

vehicle hydraulic transmission system.
This invention further provides a vehicle hydrostatlo
transmission system of wheel motor type, which com-

prises an engine Or engines, an oil pump or pumps

driven by said engine, oil pipe lines including high pres-
sure line and low pressure line, an
motor or motors receiving oil output from said oil pump

335

oil tank, and a wheel
60

and driven thereby, wherein the wheel motor or motors
can either be the variable displacement or fixed dis-

placement hydraulic motor or motors of this invention.

The hydrostatic transmission system of this invention
may be further provided with a distribution valve or
valves for controlling the working mode (drive or free-
wheeling) of the wheel motors to get different modes of
drive system combinations from one wheel driving to

c1ally when taken in con_]unotmn Wlth the accompany-

ing drawmgs, wherein:
FIG. 1 is an axial cross-sectlon of a fixed chsplace-

ment motor or pump of the invention; -
FIG. 2 i a Cross SBCtIOIl taken along Ime A—A in

FIG. 1:

FIG. 3 is an axial cross section of a contmuously-

variable displacement motor or pump in accordance |
with one embodiment of the present invention; |

FIG. 4 is a cross section taken along line C-—C in

FIG. 3;

FIG. 5 shows the. mountmg of a wheel motor in ac-
cordance with one embodiment of the present inven-

tlon
FIG 6 is a side view of a variable dlSplaoement con- :

trol mechanism of a wheel motor in accordance with =~
one embodiment of the present invention; -

‘FIG. 7 is a plan view of a hydrostatlc transmission -

system of wheel motor type in accordance with one
 embodiment of the present mventlon for a 4X 2 drive

vehicle; and | |
FIG. 8 shows a comparison of mechanical efﬁcrency '.

of the hydraulic motor of the present invention with
those of a axial piston motor with plauetary gearbox and -
a cam lobe hydromotor.

DETAILED DESCRIPTION OF PREFERRED |
- EMBODIMENTS |

In order to promote a full understanding of the con- -

cepts and other aspects of the present invention, it is.
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described by examples with reference to the accompa-

nying figures. |
The hydraulic motor or pump in accordance with

one embodiment of the present invention is a continu-

ously variable displacement or a fixed dlsplacement |
- radial piston type with a fixed shaft and rotating casing. -

Because the shaft is held stationary, the oil distributing

 function can be accomplished by the shaft and the cylin- -

der block without the need for conventional distribut-
ing components and the wheel can be mounted directly

~ driving parts.

As a result of its unconventional working principle

- and construction, the hydraulic motor or pump of this
invention is simple and compact with h13h etﬁcxency

- and wide speed range. -

10

~ to the rotating casing without conventional hubs and -

Referring now to FIGS. 1 and 2, there is shown a

. fixed displacement hydraulic motor or pump in accor- .
- dance with one embodiment of the invention. It consists
~ of an integral casing (5) with a number of planar sur-

20

faces (54) on its inside wall, against which the outer

ends of the pistons (13) maintain constant contact. The
integral construction of the casing (5) reduces its defor-
- mation under loads and reinforcing ribs may be added

on its outside for greater rigidity, if necessary.
Cover (7) with a remforcmg flange (7a) having a

| . close fit with the casmg (5) will help to reduce the
- deformation of the casing under the piston force and oil

8 ._ | |
both sides of the cylinder block (14) to limit its axial
movement.

There are several safety pins (10) installed on the sade

wall of the casing (5) or cover (7) each maintaining an

appropriate clearance with its adjacent cylinder wall
~ (14]) to allow some free movement between cylinder
- block (14) and casing (5) under normal runmng condi- =
- tions. However, when there is a sudden change in rotat-

ing speed between the casing (5) and the cylmder block '
(14), such as durmg the braking of the casing, the safety

pin (10) will be in contact with the cylinder block (14) .

to force it to rotate at same speed with the casing to |
prevent piston (13) from moving off its piston seat (5a)

to guarantee normal operatmn of the hydraullc pumla or - 7
13 o

motor.
The cover (7) or casmg (5 may be dmlgned with

wheel studs for the direct mounting of wheels. If re- |
quired, a disc or drum brake may be incorporated in the .
~ seal cover (2) to satlsfy the requirement of wheel motors L

with brakes. N
" The number of plstons (13) and correSpondlng planar =

surface (5a) can be any arbitrary integer, preferably 3,5 '

~or 7 for the uniformity of the oil flow and convenience

23

of manufacture. Multi-cylinder banks may also be used

to increase the power rating. The tapered section of the
outer end of the eccentric shaft (1) is mounted in a -

‘mounting bracket so that wheel or pump can be

" mounted at any desired position on the vehicle.

- pressure and improves the contact between the plStOllS- |

o (13) and piston seats (5a). Beanngs (4) are installed in
 casing (5) and cover (7) to support the eccentric shaft

(1) with a fixed eccentric (1a) between the bearings (4). -
. The capacity of the bearing (4) is determined by the

~ permissible maximum oil pressure load and is much
35

higher than the static and dynamic wheel loads insuring
- great safety in rugged or rough road operations under
normal working pressure Two separate oil passages (3),

30

N (9) are provided in the eccentric shaft for inlet and

" outlet communicating respectively with oil grooves

(15) and (16) on the eccentric (1a). A star-shaped cylin-
‘der block (14) is rotatably mounted on the eccentric (1a}
and has a number of radial cylinders (142) machined

‘with their center lines perpendicular to the axis of the

~ eccentric shaft (1). The cylinder communicates in turn
 with oil grooves (15) and (16) through its oil port (14c).
A piston (13) is installed in each cylinder (14g) with its

outer flat end (13a) mamtmnmg constant contact with
the planar surface (52) in casing (5). When the casing (5)
performs a rotary motion relative to the eccentric shaft
- (1), the eccentric (1a) will impart a gyrating motion to

cate in its cylinder (14a). This movement, coupled with
“the oil grooves (15) and (16) on the eccentric (1a), cre-

43

When high pressure oil is fed through oil passage 3) .

‘and groove (15) in eccentric shaft (1) into the motor,the
pistons (13) in the cylinders (142) communicating with =

- groove (15) will be forced out. by oil pressure against =
~ the planar surface (84) of the casing (5). Because the = -
~resultant of the piston forces acting on the surface
passes through the center O; of the eccentric (1a) and

there is an offset between center O and the center O of
the casing (5), a torque will be produced to rotate the -

casing (5) about its center O as a motor. When the cylin-
der further moves offset line OO in a counterclockwise
“direction, it will be in communication with the outlet

‘groove (16) and passage (9).

Pistons (13 will be pushed inward by relative move- -
ment of planar surface (5a) and discharge oil through

~the low pressure outlets. Conversely, if passage (9) and
groove (16) are connected to the high pressure inletand
 passage (3) and groove (15) to the low pressure outlet,

- .the motor will turn in the opposite direction. Similarly,
~ if the casing (5) is dnven by a power source, it will work

_ 50
~ the cylinder block causing each piston (13) to recipro-

as a pump. .= |
It should be emphasxzed that the turning moment of
the motor or pump above is produced by the offset of .

~ the casing (5) to the cylinder block (14). The piston (13)

ates in each cylinder an intake and exhaust process of

the oil necessary for the function of a hydraulic motor

35

~ Oor pump. A prc-loaded return spring (12) is usually .
~ (may be omitted in some cases) installed between the

piston (13) and the cylinder (14a) to force piston (13)

‘outwards and maintains constant contact with the pla-
nar surface (5a) of the casing (5) in conjunction w1th oil

pressure and centrifugal force in operation.

‘To reduce the friction and wear between piston (13)

and the planar surface (5a) of the casing (5), a circular
oil cushion recess (13¢) in the form of reticular grooves
is machined in the piston end (13a) and filled with oil
through a throttle hole (13e), so that most of the metal

is free from the overturning moment and lateral force,
so the mechanical friction losses are minimized and the -
piston height can be reduced to make the motor more

‘compact. This is contrasted with today’s low speed,
high torque wheel motors wherein the turning moment
is transmitted by an overturning moment on the piston

rcsultmg in . significantly reducing mechanical effi- '
ciency, especially at starting due to the large lateral

forces actmg between the piston and the cylinder wall.

The main mechanical losses of the hydrauhc motor or

- pump above stated at high speed comprise oil flow

65

to metal piston thrust force will be replaced by the o1l

pressure. Thrust washers (8) and (11) are located on

losses in oil passages and oil churning loss produced by

the relative movement between the cylinder block (14)

and the casing (5) durmg the operation, so these losses
often become the main factors limiting the pcrmxsmble
maximum speed of the motor or pump and will be in-
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creased with the operating speed parabolically. To ex-
tend the speed range, a spoon-shaped oil duct (11a) is

arranged in the thrust washer (11) with its inner end

communicating with the leakage oil passage (26) in the

eccentric shaft (1) and its outer end extending down

4,903,792

into the casing to scoop and discharge the leakage oil
from the casing. It is then carried through the leakage -

oil passage (26) to an outside reservoir by the dynamic
pressure and the inertia of the leakage oil in operation to
scavenge the oil leakage accumulated in the casing (5)

10

to reduce the oil churning losses at high speed opera-

tion.

another embodiment of the present invention. It differs
from the fixed displacement hydraulic motor in that the

eccentric shaft (1) as shown in FIGS. 1 and 2 is now

FIGS. 3 and 4 are illustrations of a variable displace-

ment hydraulic motor or pump in accordance with
15

replaced by an eccentric shaft (1) and an eccentric
sleeve (20) to form a combined eccentric. The eccentric

sleeve (20) is rotatably mounted on the eccentric shaft
(1) with its inner bore, the outer periphery of the eccen-

20

10

in an ideal stepless transmission system with wide ad-
justable speed ratio and high working efficiency. The
wheel motor can sustain safely the dynamic wheel loads
under severe running conditions with its large capacity
bearings and strong casing and cover construction. It is
not sensitive to the temperature, vibration, shock, oil
and its filtration, etc. Its manufacturing cost is signifi-
cantly low as its main components are sunple in con-

struction and easy for production.
FIG. 8 is a comparison of starting torque efﬁcxency

and mechanical efficiency of hydraulic motors of the '

invention with those of axial piston motor with plane- -
tary gearbox (curve 2) and cam lobe motors (curve 1)in

- SAE paper 790883. It is obvious that efficiencies of -

motors of this invention are the mghest w1thm aremark-
ably wider speed range.

- The hydraulic motor or pump of the invention has o
many advantages and the superiority of the wheel
motor type hydrostatic transmission can be fully ex-

ploited in vehicle drive applications, so that its apphca-

- tion can be widened remarkably. For example, in agri-

tric sleeve (20), parallel to the inner bore and having a -
offset there between. The combined ecceniric and con-

sequently the piston stroke and displacement may be
continuously changed when the eccentric sleeve (20) 1s
rotated on the eccentric shaft (1) to different positions.

25

This requires the provision of a controlling means avail-

able to continuously control the angular position of the
eccentric sleeve (20) relative to the eccentric (1a).
Such a controlling means is proposed by the inven-

tion. This controllin g means is characterized by a pin- -

hole (20a) machined in the end face (20f) of the eccen-

30

tric sleeve (20). A sliding-fit pin head (21) is inserted

into the pin hole (20q) with its rectangular head (21a) -
35 ¢t

engaged in the slot (22b) on the flange of a displacement

control sleeve (22) which is fit tightly against the inner
race of bearing (4) and slidably fit (or fit with needle
~ bearing) on the eccentric shaft (1). A displacement con-

trol arm (23) mounted on the eccentric shaft (1) meshes
the end of the displacement sleeve (22) as a dog tooth
clutch (22f) or its internal teeth may engage the external
teeth at the end of the displacement control sleeve (22).

When the displacement control arm (23) is actuated

by a displacement control mechanism to apply a torque

in either direction to the displacement control sleeve

“cultural and construction machines, transportation and
towing machines, minicars, all terrain vehicles and ma-

chine transmission systems etc., it will benefit them with - :

_snnphmty in construction, convenience in layout, re-

duction in cost, stepless speed change and automatic

control. |
‘The method of mounting the wheel motor on the o

* vehicle has great influence on its reliability. Further, the -
mounting method will effect the layout of oil pipe lines

of the hydrostatic transmission system as well as its -
related components. Normally, wheel motors with a

rotating casing are mounted directly on the vehicle in
the cantilever form (through the suspension torque-

thrust member or mounted directly to the vehicle

frame) resulting in the mounted part of the motor being =
heavily stressed by dynamic and impact loads actingon -
the wheel. Loosening or even breakage will often occur

if no proper measure is taken. Since the center distance
between the oil inlet and outlet passages in the eccentric
shaft is very limited by the journal diameter, the oil pipe:
connected directly to the end of the shaft will be too

.small in size and difficult in layout and installation.

45

(22) to rotate it on the eccentric shaft (1), this motion -
will be transmitted to the eccentric sleeve (20) through

pin (21) to change the combined eccentric. The eccen-

tric sleeve (20) has two separate oil grooves (25) and

(29) in communication with the oil passages (27) and
(28) of eccentric shaft (1). All other parts are the same
with the fixed displacement motor or pump above men-
tioned and illustrated in FIGS

manufacturing.
The number of cylinders can be any arbitrary inte-
gers, preferably 3,50r7. Multl-cyhnder banks may also

be used to increase the power rating.

30

1 and 2 to facilitate

55

As tests have shown, the variable displacement hy-

draulic motor or pump of the invention can satisfy the
vehicle drive requirements. For example, the motor
speed ranges from zero to 1500 r.p.m. equivalent to

Under certain conditions, tremendous rigidity will be -
required at the point where displacement control and- |
/or braking actuation mechanism are connected to the

-wheel motor. The invention solves these problems by

mountmg the wheel motor to a mounting bracket.
FIG. 5 illustrates a wheel motor mounted in 2 wheel.
The outer end of the eccentric shaft (1) with a tapered
section (1k) is inserted into the tapered bore (37a) of the
mounting bracket (37) and held in position securely by
nut (36) with two O-rings (32) to prevent leakage.
There are three pipe thread holes for pipe fittings (33,

34, 35) in the mounting bracket (37) to communicate

with the inlet, outlet and oil leakage passages in the

eccentric shaft respectively. The position of the thread

holes (33, 34, 35) can be arranged for convenient layout

- of the oil pipes (in some cases, oil pipe may be installed

vehicle speeds from zero to 150 kilometer per hour

when the wheel is directly driven by the wheel motor.

There is a wide high efficiency region with a maximum

mechanical efficiency of 0.97 and a slightly lower start-
ing efficiency, so the vehicle can enjoy an overall high

65

efficiency under most working conditions. Employment

of the variable displacement pump or motor will result

direct to the oil passages at the end of the shaft). Flange
or bolt holes may be provided on the mounting bracket
for the mounting of brake or displacement control
mechanisms. The mounting bracket (37) is in turn

- mounted directly to the suspension system or frame of

the vehicle.
FIG. 6 illustrates a displacement control mechanism

for the variable displacement motor or pump. A dis-

- placement control cylinder (40) with a double-acting -
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piston (42) controlled by control valve (41) is mstalled_
on the mounting bracket (37). The piston (42) recipro-
cates in cylinder (40) to push or pull the displacement

control arm (23) to rotate by means of connecting rod

(43) around the eccentric shaft (1). This movement will

be transmitted through displacement control sleeve (22)

and pin (21) to rotate eccentric sleeve (20) on the eccen-

tric (1a) and to continuously change the combined ec-

“* - 4,903,792
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function equivalent to a different lock when the wheels

~ are slipping on the ground. The distributing vaive in-
~ conjunction with the appropriate control system, can

centric or displacement of the motor or pump as re-

quired. The control valve (41) may be manually or

10

- automatically operated. In automatic control, control

- valve (41) may be controlled by one or more operating
parameters, such as, the r.p.m., torque, intake manifold -

vacuum, contents of exhaust gas, position of accelerator

pedal of the engine, the oil flow rate and pressure. in the

hydraulic system, etc. To accommodate the compli-
cated situations which may be encountered in use, the -
control valve (41) may be operated by the operator as

o we]l as the automatic system.

A closed hydraulic circuit is usually employed in the
- vehicle hydrostatlc transmission system to reduce the
- weight and size of the oil tank. As an example, FIG. 7

15

also be used in multi-axle or multi-wheel drive systems
with the number of the valves in the distributing valve

corresponding to the number of wheel motors in the

- system allowing all kinds of driving modes ranging
from one wheel driving to all wheels driving w1th dif-

ferent combinations.
The distributing valve (57) can also be de51gned asan

‘automatic distributing valve (proportional valve) to

control the flow to the motors according to displace-

ment of the wheel motors automatically, so that it will
limit the oil flow to the wheels slipping on the ground . -~
due to low adhesion or load transfer while maintaining

| the tractive efforts of other driving wheels.

20

 shows a hydraulic transmission system in a 4% 2 vehicle

wheel motor. This hydraulic transmission system can be

used in all kinds of

25.

drive-systems, such as 3 X1, 3X2, 3X3, 4><1 4X2,

4X 4, 6X2, 6X4, 6X6, 8X2, 8X4, 8X6, 8X8, etc.

Engine (50), which may be a gasoline or diesel engine

or the like may be placed in any part of a vehicle ac-
~ cording to its layout requirements. The output shaft of 30
- the engine (50) drives the pump (52) directly or through

a fixed ratio gearbox (51) whose ratio is determinated by

- The pump can be selected from radial piston pumps

according to the invention, axial piston type or other
high efficiency types and with fixed displacement or

" variable displacement (either, uni- or bi-directional). As

In the closed circuit hydraulic system, the oil from o

' the wheel motor returns to the direction valve (56) via

motor oil outlet pipe (59b) (and distributing valve) and

‘then through return oil pipe (53b) to the mtake port of
pump (52), forming a closed circuit.

' Certain additional oil circuits may be mcorporated in
the hydraulic system to cope with more complicated

‘vehicle operating conditions:

(1) Free-wheeling circuit. When the accelerator

pedal of the vehicle 18 suddenly released during the --

running, the speed of the engine will decrease faster
than vehicle deceleration due to the greater inertia of
the vehicle. Under such circumstances, the wheel
motor will turn to work as a pump and the pump as a
motor driving the engine, resulting in an engine braking -

" effect on the vehicle. This problem may be solved by

. the rated maximum speeds of the engine and the pump. -

shifting the direction valve (56) into neutral, butitisnot -

~ convenient for the driver. A free-wheeling valve (54)

35

an example, a uni-directional variable displacement

pump in the hydraulic system is shown in FIG. 7. Obvi-

ously, it is not difficult to deduce a hydraulic system
with the bi-directional variable displacement pump

~ according to the same principle. The high pressure oil |

~ from pump (52) flows through high pressure oil pipe

- (53a) to direction valve (56) (not required when the
~ bi-directional pump is used) which controls the running
direction of the wheel motor, namely, forward or re-

45

verse. The direction valve (56) is similar to a four-port
three-position valve in construction. When in its neutral

(middle) position, the high pressure oil pipe (53a) is
communicated with the return (low pressure) oil pipe

50

(53b) thus, the direction valve (56) works as a disen-

gaged clutch or neutral gear. The motors will run in the
forward or reverse when it is in the two other positions.

The high pressure oil flows directly from direction

' valve' (56) to wheel motors (58) or via distributing valve
(57) to conirol the working mode (driving or free-
wheeling) of the right and left hand wheel motor. When

in the free-wheeling mode, the motor inlet oil pipe (59a)

communicates its outlet oil pipe (§95) with oil circulat-
 ing freely through the free-wheeling motor. Because all
 the valves or wheel motors can be controlled indepen-
~ dently so the distributing valve (57) may also create
‘three operating modes in the hydraulic system for the

55

which is a one-way valve may be arranged between the .
high pressure oil pipe (53a) and return oil pipe (53b). - -
When the vehicle is coasting, the oil pressure in pipe

(53b) will be higher than that in pipe (53a) and the valve.

- (54) will be forced to open to bypass most of the oil

from the motor (58) thereby eliminating the engine

brakjng to allow the wheel motor free-wheeling wl:ule

engine idling.

The free-wheeling valve (54) will remain closed in
normal vehicle running. If necessary, free-wheeling

valve (54) and discharge valve (65) can be manually

locked for engme-brakmg or starting engine by towmg ; :

the vehicle.

(2) Safety or overload protectlon circuit. When the
working pressure in oil pipes (53a) or (53b) exceeds its
permissible maximum, safety valve (55) will open and
discharge the oil from the high pressure to the low
pressure pipe to protect components in the system from

 damage. The working pressure difference of safety o
‘valve (55) may be manually adjustable so that it may be
~used by the operator as a clutch.

(3) Oil charge circuit. Usually, a close hydraulic cir-

 cuit needs a oil charge circuit to replemsh the oil lost

vehicle, namely, right wheel driving only, left wheel

driving only and both wheels driving. The one wheel
driving mode will further extend the speed range. Be-
~ cause all the valves or wheel motors can be controlled

independently so the distributing valve (57) has another

65

due to leakage. As shown in FIG. 7, engine (50) drives .

‘an oil charge pump (62) which draws oil from oil tank

(60) via a coarse filter (61) and pumps it into the return
oil pipe (53b) through a fine filter (63) and a one-way
replenish oil valve (64) to the feed pump. -

Any excess oil from the main hydrauhc circuit will
pass through the one-way discharge valve (65) and oil

cooler (66) before being discharged into oil tank (60).
 Due to the high efficiency of the hydraulic motor and
- the optimization of the hydraulic transmission system of

this invention, the oil cooler (66) can be omitted on



4,903,792

13

certain transporting vehicles to further simplify the

system.
A brake valve (not shown in the drawmg) can be

incorporated in the hydraulic system, to brake the veh-

cle by throttling the flow of return oil from the wheel 5
motor and the brake effect can be adjusted by the brake

valve.

present invention have been described herein with ref-
erence to the accompanying drawings, the present in- 10
vention is not limited to these particular embodiments.
Various changes and modifications may be made -
thereto by those skilled in the art without departmg :
from the spirit or scope of the invention, which is de-

fined by the appended claims. | 15
What is claimed is: | |
1. A vehicle hydrostatic transmission system of a
wheel motor type, which comprises an engine, an oil
pump driven by said engine, oil pipe lines including a
high pressure line and a low pressure line, an oil tank 20
connected to the oil pump by a charge pump circuit,
and at least one wheel motor receiving oil output from
the oil pump and driven thereby, wherein the wheel
motor is a variable displacement hydraulic motor with a

rotating casing and fixed shaft having: 25

(a) a casmg having a plurahty of planar surfaces on
- the inner surface; |

(b) a cover therefor;
(c) bearings fitted in the central part of said casmg_

and cover; 30

(d) an eccentric shaft with an ‘eccentric supported |
between said bearings, said eccentric shaft having
two separated groups of fluid passages disposed
therein and fluid distributing means communicat-
ing therewith for conducting a fluid, one group of 35
said fluid passages being connected to a high pres-
sure fluid system and the other group of ﬂuld pas-
sages to a low pressure fluid system; |

(e) a cylinder block rotatably mounted on the outer -

periphery of the eccentric of said eccentric shaft, 40

said cylinder block having a plurality of cylinders
corresponding to said plurality of the planar sur-
face in said casing, radially arranged in a plane
perpendicular to the axis of said eccentric and ec-
centric shaft; 45

(f) a sliding piston fitted in each said cylindres, each
piston having an outer flat end contacting with a.
planar surface in said casing, whereby when said
casing is provided with rotary movement relative .
to said eccentric shaft, said eccentric urges said 50
pistons to reciprocatingly slide in said cylinders in
turn; and

wherein the eccentric of the eccentric shaft and ec-
centric sleeve with a bore and two separate arcuate
fluid distributing grooves communicating respec- 55
tively with said two separate groups of fluid pas-
sages in said eccentric shaft and with said cylinders
in said cylinder block in turn to work as a distribut-
ing valve, said eccentric sleeve being rotatably
mounted on said eccentric shaft through its bore 60

63

Although particular illustrative embodiments of the
motor type as in claim 1, further comprising a free-

14

and with said cylinder block mounted on the outer
periphery thereof, the dimension of said combined .
eccentric being adjustable continuously by a con-
‘trolling means to control the relative angular posi-
tion of said eccentric sleeve to said eccentric shaft
to adjust the displacement of said hydrauhe motor
or pump continuously. |
2. A vehicle hydrostatrc transmission system of wheel

wheeling valve which is a check valve arranged be- '

tween said high pressure line and low pressure line to |

bypass the oil pumped out fmm sa.ld wheel motor when

the vehicle is free-wheeling. o
3. A vehicle hydrostatlc transmission system of wheel |

motor type as in claim 1, further comprising a safety .
valve which is arranged between said high pressure line = -

and said low pressure line to discharge the oil from the'

high pressure line to the low pressure line. - -
4. A vehicle hydrostatlc transmission system of wheel

motor type as in claim 1, further comprising a gearbox .

with a fixed ratio which is arranged between said engine

~ and said oil pump.

5. A vehicle hydrestatlc transmission system of wheel
motor type as in claim 1 wherein said hydraulic wheel

motor, is mounted in a wheel and the wheel motor is - :

attached by a mounting bracket to a frame or suspension

system of a vehicle, said mounting bracket having a -

tapered hole in which a tapered section of the outer end -

~ of the eccentric shaft of the wheel motor is inserted and '
having three oil ducts with ends commumcatmg withan

inlet, outlet and leakage oil passages in said eccentric

shaft and with the other ends conneeted with said 011 o

pipe lines. =~ -
6. A vehicle hydrostatrc transm:ssron system of a
wheel motor type according to claim 1 wherein the

- eccentric sleeve of the variable displacement hydraulic --

motor further comprises a sliding pin hole in its end -

face, in which a sliding pin is fitted, the sliding pin ex-

tending to a sliding groove in a displacement control
sleeve slidably and rotatably mounted on the eccentric
shaft, the outside face of the displacement control
sleeve having teeth to connect to an outside displace-
ment control means, whereby a suificient torque may be

applied to the displacement control sleeve to rotate it -
relative to the eccentric shaft and transmitted via the .

slide groove and pin to the eccentric sleeve urging the -

eccentric sleeve to produce a relative rotary movement
to the eccentric to adjust the dimension of the combined

 eccentric continuously, and further comprising a dis-

placement. control arm having teeth means to engage

the teeth on the displacement control sleeve and coaxi- -

ally mounted with a sliding fit on the eccentric shaft
externally to the displacement control means compris-

ing a displacement control cylinder with a double-

acting piston arranged outside of the hydraulic motor
and connected to the displacement control arm by a

connecting rod, the action of the double-acting piston

being controlled by a valve which is controllable manu-

ally, automatically or by a combination thereof.
o * % X %x ¥
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